Primary Audience: Commercial poultry meat producers, Feed manufacturers
DESCRIPTION OF PROBLEM
Feed and feed manufacture represent a significant cost (60 to 70%) to the commercial broiler industry. These birds are fed exclusively pelleted diets due to research that has confirmed the positive impact of pellets on broiler performance [1] [2] [3] [4] [5] [6] [7] [8] . These improvements include decreased ingredient/nutrient segregation, improved handling characteristics, reduced feed spillage, as 1 Corresponding Author: kwamsley@poultry.msstate.edu well as decreased time and energy spent eating associated with prehension of feed [1-2, 5, 8] .
When broilers are fed diets containing highquality pellets, live performance benefits can become even greater [9] [10] [11] [12] . Consequently, the economic return associated with the aforementioned benefits are likely to increase as pellet quality increases [10] . Research has documented the positive impact of broad ranges of pellet quality on modern day broiler performance [10, 11] . In addition, the feed form (FF) tested in previous research may not represent a quality that may be produced in a commercial mill due to throughput demands and increased costs associated with creating high-quality pellets (i.e., 90% intact pellets:10% fines). Therefore, there is a need to determine if a modest improvement range of pellet quality can elicit an incremental improvement in broiler performance. This would provide feed manufacturers with the information to make an educated decision on whether or not the investment in feed quality is cost-effective, depending upon their operation.
Another factor that has not been investigated in recent literature is the sensitivity of current broiler strains to varying FF. Previous research has only utilized one strain of broiler at a time when investigating bird response to FF [6] [7] [8] [9] [10] [11] . However, research has demonstrated significant differences in overall body weight (BW), feed intake (FI), and carcass yield between fastgrowing and high-yield (HY) strain crosses [13] . Due to genetic selection of the modern broiler strain, it is possible that diets varying in FF could further elicit performance differences between multiple broiler strains, especially in the heavy broiler market (>3.5 kg). Therefore, the objective of the current study was to investigate the sensitivity of 2 different modern broiler strains (fast-growing or HY) to incremental and commercially attainable improvements in FF (50, 60, 70, or 80% intact pellets; IP) over a d 28 to 42 grow-out period.
MATERIALS AND METHODS

Pretest Period Broiler Management (d 0 to 28)
A total of 1,728 day-old male chicks (864/strain) were obtained from commercial hatcheries [14, 15] and were equally allotted by strain in 96 floor pens (0.91 × 1.22 m; 18 birds/pen; 0.06 m 2 /bird) at the Mississippi State University Poultry Research Unit. Fast-growing (FG) chicks were vent-sexed at the hatchery, while HY chicks were feather-sexed upon arrival to Mississippi State. The solid-walled growout house had forced-air heating and evaporative cooling cells. Cross-ventilation was achieved by negative air pressure. In each pen, built-up litter was used; a hanging feeder (16.0 kg capacity) and 3 nipple drinkers were available for ad libitum feed and water consumption.
All birds were fed a common starter and grower broiler diet formulated to meet or exceed breeder recommendations for each strain [16, 17] • C; temperature was incrementally decreased until 17.8
• C was achieved on d 42.
Experimental Diet Preparations
Batching An experimental finisher 1 (d 28 to 42) diet was manufactured at the West Virginia University pilot feed mill [20] . This practical diet was nutritionally common; ingredients utilized included corn, soybean meal, distiller's dried grains with solubles, and meat and bone meal. Similar to the starter and grower period, the diet was formulated to meet or exceed breeder recommendations for each broiler strain (Table 1 ) [16, 17] . The experimental master batches were mixed in a 0.907-tonne vertical screw mixer [21] for 10 min dry and 10 min post fat addition, prior to pelleting.
Feed Manufacture To help ensure that nutrient availability and enzyme retention was not compromised [22] [23] [24] , all fat was added at the mixer; diets were steam conditioned for 10 sec at 81
• C with an incoming steam pressure of 262 kPa. All batches were subsequently pelleted through a 38.10 × 4.76 mm pellet die at a production rate of 0.986 tonne/h. After pelleting, a representative 22.7 kg sample from the finisher 1 diet was sifted using a No. 6 American Society for Testing and Materials screen [25] to determine the pellet to fine ratio of the diet created (Table 1) . The finisher 1 diet (3,628.7 kg total) was evenly divided into 4 907.2 kg allotments; every fifth feed bag containing 22.7 kg was ground via hammer mill to produce ground pellets (GP) for the creation of different pellet qualities that maintained similar nutrient availability. This process was repeated until 544.3 kg of GP was created for the experimental diet.
To create the 50, 60, and 70% IP treatments, the calculated amount of 80% IP and GP necessary to achieve the proper FF ratios for each treatment (IP:GP ratios of 50:50, 60:40, and 70:30) were layered in a 26.49 L container and added to the corresponding feeder. The 80% IP treatment was composed entirely of the original diet and was fed without any additional GP.
Experimental Period Broiler Management (d 28 to 42)
Live Performance Broilers were weighed individually on d 28 by strain and assigned to one of 12 weight classes for each strain (FG or HY). Twelve birds (1 bird from each weight class for each strain) were weighed and assigned to each floor pen (0.09 m 2 /bird); pens contained only FG or only HY birds (n = 12). Each pen was randomly allocated to one of 4 FF treatments. Feed and water were offered ad libitum.
On d 42, measured variables included average BW, BW gain (BWG), FI (reported on a perpen basis), and feed conversion ratio (FCR) (adjusted for mortality) from d 28 to 42. All animals were reared in compliance with the guidelines set by the Mississippi State University Institutional Animal Care and Use Committee.
Processing Measurements On d 42, 4 birds per pen (±100 g avg. BW/pen; 384 birds total) were selected, weighed, tagged, and then cooped. On d 43, these selected birds were processed at the Mississippi State University Poultry Processing Facility. Hot carcass and abdominal fat pad weights were recorded; carcasses were subsequently chilled in an ice bath for 3 h. Next, debone variables of boneless skinless breast (pectoralis major), tender (pectoralis minor), total breast (pectoralis major and minor), thigh, drumstick, and wing weights were measured. All processing yield data are reported relative to live BW.
Statistical Analysis
A 2 Strain × 4 FF factorial arrangement within a randomized complete block design was utilized. Each treatment was replicated 12 times (12 blocks; designated by location) within the grow-out house. The experimental unit consisted of one floor pen of birds, and the experimental period was from d 28 to 42. All of the measured variables were analyzed using the GLM procedure in SAS [26] . Treatment mean comparisons were made using Fisher's least significant difference. Significance was set at P ≤ 0.05.
RESULTS AND DISCUSSION
At the beginning of the experimental period, d 28 BW was affected by Strain (P < 0.0001), as expected based on breed standards [16] [17] 27 ]; however, FF did not influence BW (P = 0.3518; Table 2 ). Consequently, differences observed in the current study after d 28 may be attributed to changes in FF effects.
Strain Effects
Broiler Performance (d 28 to 42) Throughout the d 28 to 42 growth period, FG birds exhibited a 12.7% increase in BWG (P < 0.0001) and an 8.4% increase in BW (P < 0.0001) when compared to HY birds (Table 2) . Alternatively, FCR was reduced in FG birds by 0.18 when compared to HY birds (P < 0.0001; Table 2 ). These results were consistent with the specific breed standards [16] [17] 27] . Also, the finisher 1 diet was formulated to meet or exceed the breeder recommendations for both strains (Table 2) ; hence, differences in the main effect Strain are likely due to differing growth rates. No significance was established for Strain on d 28 to 42 FI (P > 0.05).
Processing (d 43) On d 43, FG birds exhibited improved processing weights as compared to HY birds in every category (P < 0.0001; Table 3 ). Also, d 43 processing yields were 1 Two modern strains of commercial broilers; FG = fast-growing strain; HY = high-yield strain. 2 FF = Feed form; common diets were manufactured to contain 80% intact pellets (IP). A portion of the 80% IP diet was ground via roller mill to create ground pellets (GP). GP were added to the 80% IP diets to create IP:GP ratios of 50:50, 60:40, and 70:30. The 80:20 IP:GP treatment was composed entirely of the original diet and contained no additional GP. 3 BWG = body weight gain. 4 FI = feed intake; FI is presented on a per pen basis. Table 3 ). Additionally, FG birds demonstrated a 4-5% increase in breast, tender, and total breast yield when compared to HY birds (P < 0.0001; Table 3 ). Conversely, drumstick and wing yields were higher in HY, exhibiting a percent difference of 4.4 and 4.2%, respectively, as compared to FG (P < 0.0001; Table 3 ). Acar and coauthors [28] demonstrated a similar finding, as broilers with significantly higher wing yields also had higher drumstick yields. Overall, broiler strains exhibited improvements in the same d 43 processing variables. These data agree with previous literature that suggested acute selection for a trait may cause phenotypic variations within a genotype [29, 30] .
Feed Form Effects
Broiler Performance (d 28 to 42) Data from d 28 to 42 demonstrated that broilers fed 80% IP diets had an 8-point lower FCR (1.68 vs. 1.76) than broilers fed 50% IP diets (P = 0.024; Table 2 ). Also, broilers that received 80% IP diets exhibited a higher d 28 to 42 BWG and d 42 BW than broilers fed any other FF treatment (P = 0.004 and 0.002, respectively; Table 2 ). The greatest d 28 to 42 BWG and d 42 BW benefit was established when broilers received 80% versus 50% IP treatments, as birds demonstrated a 2.5 (P = 0.004) and a 4.7% (P = 0.002) increase in BWG and BW, respectively (Table 2) . These data agree with previous research, as Sellers Table 3 ). Based upon the linear model constructed by Lilly and coauthors [10] , every 10 percentage-point increase in FF will result in a 10 g improvement in broiler carcass weight. The current research verifies and suggests further improvement as a 9 (50 vs. 60% IP) and 13 (60 vs. 70% IP) g increase was observed in carcass weight as FF was incrementally increased (P = 0.027). Although carcass weights were statistically similar when birds fed 70 vs. 80% IP were compared, data suggests a numerical improvement of 18 g for birds fed 80% IP. Broilers fed 80% IP also exhibited a 2.1 to 2.7% increase in thigh weight when compared to those fed 50 and 60% IP (P = 0.032; Table 3 ). On d 43, fat pad weight was 6% higher in birds fed 80% IP diets compared to broilers that received 50% IP (P = 0.026; Table 3 ). Research conducted by Reddy et al. [31] demonstrated that broilers fed pelleted diets had an increased BW and decreased FCR when compared to broilers fed mash or ground pellet diets; these improvements translated into an increased carcass fat percent, which can be directly related to metabolizable energy [32] . Data in the current study support these findings, as broilers fed 80% IP had an increased d 42 BW, reduced FCR, and subsequent increased d 43 fat pad weight when compared to 50% IP diets.
Despite the fact that it was the lowest FF, feeding broilers 50% IP diet resulted in a higher d 43 drumstick yield than any other FF treatment (P = 0.023; Table 3 ). Due to the time and energy associated with the prehension of feed [1] [2] 8] , perhaps broilers fed a lesser FF (50%) spent more time eating. Consequently, research conducted in a companion study suggests that increased leg weight can be directly associated with longer drinking and shorter resting time [33] . Table 3 ). Higher breast and total breast yield were exhibited in FG birds fed 50, 60, and 70% IP diets when compared to HY birds fed the same FF treatments. However, FG and HY birds fed 80% IP demonstrated similar breast and total breast yield. Literature has documented differences on carcass traits for differing strains [28, 34] ; however, to our knowledge, there is little to no peer-reviewed data that investigates the interactive effects of Strain and FF. Hence, it is possible that FG is less sensitive to 80% IP and more sensitive to 50, 60, or 70% IP when breast and total breast yields are observed, whereas HY is more sensitive to 80% IP. However, observed differences may also be due to the differences in the traits genetically selected for each strain (i.e., fast-growing or high-yield).
Interactive Effects of Strain and Feed
Overall Summary
Data in the current study demonstrate that feeding more pellets (80%) can be beneficial to the d 28 to 42 live performance variables of BW, BWG, and FCR (P = 0.002, 0.004, and 0.024, respectively; Table 2 ). Although 80% IP demonstrated the greatest d 28 to 42 performance benefits, this FF may not always be attainable by a commercial mill. Also, depending on the integrator's metric, it may not be of importance to strive for 70 over 60% IP as d 28 to 42 data demonstrated similarities between the two FF for BW, BWG, and FCR (Table 2) . However, previous FF research utilizing one broiler strain has suggested otherwise, as feeding more pellets has been demonstrated to improve broiler performance [10] [11] [12] . Processing results suggest that if 80% IP can be achieved, each strain of broiler will exhibit similar d 43 breast and total breast yield. However, if a commercial mill is manufacturing 70% IP or less, these data show that the strain of broiler should be taken into consideration due to the interaction each has with FF on d 43 breast and total breast yield (P = 0.043 and P = 0.025, respectively; Table 3 ).
The benefits associated with feeding pelleted rations demonstrated in d 28 to 42 data of the current study are supported by previous literature [1] [2] [3] [4] [5] [6] [7] [8] . The current research investigated the benefits associated with incremental improvements in FF, although the effects of nutrient segregation were not considered.
Pelleting is a complex process, and many feed manufacturing variables such as steamconditioning time and temperature, pressure, production rate, moisture addition, and diet formulation can affect pellet quality [3] [4] [5] [6] [7] [35] [36] [37] . As a result, changes in pellet quality may affect the rate of nutrient segregation [2, 38] . Should the effects of nutrient segregation be explored, the benefits of feeding diets with high pellet compositions would presumably intensify [10] . Previous research determined that nutrient segregation occurred throughout transportation and augering for both 55 and 75% pellet diets [38] ; however, a clear benefit in BWG and FCR was observed when a higher FF (75% pellets) was fed to heavy broilers (d 28 to 56) [38] .
Although previous research and the current study have established that feeding diets with increasing FF can improve d 21 to 42 performance [10, 11] , research is warranted on 42+ day-old birds. Future research should investigate the effects and variations of FF on modern broiler strains over a longer grow-out period. 
CONCLUSIONS AND APPLICATIONS
